Dystrophic or ectopic mineral deposition occurs in many pathologic conditions, including atherosclerosis. Calcium mineral deposits that frequently accompany atherosclerosis are readily quantifiable radiographically, serve as a surrogate marker for the disease, and predict a higher risk of myocardial infarction and death. Accelerating research interest has been propelled by a clear need to understand how plaque structure, composition, and stability lead to devastating cardiovascular events. In atherosclerotic plaque, accumulating evidence is consistent with the notion that calcification involves the participation of arterial osteoblasts and osteoclasts. Here we summarize current models of intimal arterial plaque calcification and highlight intriguing questions that require further investigation. Because atherosclerosis is a chronic vascular inflammation, we propose that arterial plaque calcification is best conceptualized as a convergence of bone biology with vascular inflammatory pathobiology. P laque structure and composition importantly impact clinical expression of atherosclerosis. Molecular medicine in the 21st century has turned toward a comprehensive understanding of the dynamic processes that influence the composition and stability of atheroma and of how structural plaque components impact clinical outcomes. Recently, increasing interest has focused on understanding how atherosclerotic pathology is related to a common plaque constituent: calcium mineral deposits. Pathologists have long known that calcified atherosclerotic arteries can contain tissue that is histomorphologically indistinguishable from bone (1, 2). Important studies in the last decade have now spawned a model wherein calcification in atherosclerotic plaque is viewed as an active, complex, and therefore presumably regulated process that exhibits intriguing similarities to new bone formation, or remodeling. Ectopic and dystrophic mineral deposition and extracellular matrix calcification can occur in numerous pathologic conditions by passive precipitation. Here we focus on one specific type of mineral deposition with high relevance to cardiac pathology: intimal arterial calcification in the context of atherosclerotic plaque. The emerging view is that plaque calcification represents a meeting of bone biology with chronic plaque inflammation. Remarkable cellular ontogenetic versatility in atherosclerosis appears to effect profound structural alterations, with significant ramifications for plaque stability and clinical outcomes.
P laque structure and composition importantly impact clinical expression of atherosclerosis. Molecular medicine in the 21st century has turned toward a comprehensive understanding of the dynamic processes that influence the composition and stability of atheroma and of how structural plaque components impact clinical outcomes. Recently, increasing interest has focused on understanding how atherosclerotic pathology is related to a common plaque constituent: calcium mineral deposits. Pathologists have long known that calcified atherosclerotic arteries can contain tissue that is histomorphologically indistinguishable from bone (1, 2) . Important studies in the last decade have now spawned a model wherein calcification in atherosclerotic plaque is viewed as an active, complex, and therefore presumably regulated process that exhibits intriguing similarities to new bone formation, or remodeling. Ectopic and dystrophic mineral deposition and extracellular matrix calcification can occur in numerous pathologic conditions by passive precipitation. Here we focus on one specific type of mineral deposition with high relevance to cardiac pathology: intimal arterial calcification in the context of atherosclerotic plaque. The emerging view is that plaque calcification represents a meeting of bone biology with chronic plaque inflammation. Remarkable cellular ontogenetic versatility in atherosclerosis appears to effect profound structural alterations, with significant ramifications for plaque stability and clinical outcomes.
Clinical Significance
Atherosclerotic lesions frequently become calcified. The process can begin early and accelerates as the disease progresses and more complex lesions develop. Calcium deposits in coronary arteries indicate the presence of plaque, but the converse statement that an absence of coronary calcium indicates an absence of atheromatous plaque is not true (1) . Because calcification is a surrogate measure of coronary atherosclerosis, clinical interest has focused on the usefulness of noninvasive detection of calcium as a coronary riskstratification tool (Fig. 1 ). At present, the clinical usefulness of coronary artery calcium scanning is controversial. There is a high histologic correlation between total ''plaque burden'' and the extent of coronary calcium deposition (3) . Coronary calcification detected independently by computed tomography predicts an increased likelihood of adverse coronary events (4), but relative risks have varied widely, specificity is disappointingly low, Abbreviations: BMP, bone morphogenetic protein; CSF-1, colony-stimulating factor 1; Gla, ␥-carboxyglutamate; MGP, matrix Gla protein; OLCs, osteoclast-like cells; OPG, osteoprotegerin; OPN, osteopontin; RANK, receptor activator of NF-B; RANKL, RANK ligand; SMC, smooth muscle cell; TNF-␣, tumor necrosis factor ␣; TRAF-6, TNF receptorassociated factor 6. shown on an electron beam computed tomography transverse section. Consecutive high-resolution non-contrast-enhanced computed tomography images are acquired from the top to the bottom of the heart to visualize arterial calcification. Regions of high computed tomography density representing calcium deposits are summed, and a calcium score is derived. This score is then used to ascertain the risk of future cardiac events. (B and C) Human coronary artery sections prepared by using undecalcified methylmethacrylate embedding and sectioning procedures and stained with Goldner-Masson trichrome stain. Two distinct patterns of calcification are evident: large focal mineral deposition (turquoise, black arrow in B and C) and a fine speckled pattern (purple arrow in B).
and there are other methodological concerns (4, 5) . Furthermore, patients with little or no coronary artery calcium can and do suffer cardiac events (6) . Calcium scanning may offer no advantage over standard risk factor assessment (7) and has not been shown to affect outcomes favorably (8) .
Both a comprehensive understanding of plaque structural dynamics and better prognostic indicators are needed. This conclusion is driven home by the devastating morbidity and mortality attributable to atherosclerosis. Although atherosclerosis is the pathobiologic substrate, coronary events are most often precipitated directly by rupture or erosion of structurally unstable plaque, and plaque vulnerability has little relationship to the extent of atherosclerosis (ref. 9 and Fig. 2 ). These considerations underscore the urgency of attaining a more complete knowledge of how the structural components of plaque are formed, regulated, and altered.
Active Model Versus Passive Model of Arterial Calcification
In many pathologies where chronic inflammation occurs, concomitant softtissue calcification is thought to be a passive precipitation associated with areas of advanced tissue degeneration, or necrosis. Atherosclerosis involves both chronic inflammation and necrosis. Atherosclerotic arteries, however, may also contain bonelike tissues, including hematopoietic tissue (2) and hydroxyapatite (10) . These features distinguish atherosclerotic arterial calcification from the dystrophic calcium deposition frequently observed in conditions involving chronic inflammation and necrosis and also from other types of vascular calcification, such as calcification of the medial layer of the artery. Histopathologically, some of the mineralization in plaque is diffuse or amorphous, but observations of bone-like regions within plaque and a series of remarkable studies in the last decade now support the idea that calcium deposition in plaque is an active and regulated process akin to bone formation. This concept is still somewhat controversial. An alternative ''passive precipitation'' model posits that it is only the presence of inhibitors under homeostatic conditions that prevents calcium precipitation from occurring (11) . It is clear that inhibitory influences affect mineralization, but collectively, the available evidence would appear to be more consistent with an ''active regulated'' mechanism leading to arterial calcium deposition. Key cellular and molecular elements that participate in bone and cartilage formation have been characterized in calcific plaque and are summarized in Table 1 and Fig. 3 . A brief review of the mechanism of normal bone formation and degradation will provide a relevant conceptual framework. Fig. 2 . Interrelationships between development and stability of plaque and calcium deposition. There are significant uncertainties among three key plaque-related variables (presence, progression, and stability of plaque) and the variables that radiographic calcium scans measure (presence, quantity, and change in quantity of calcium deposits). The circle in the center represents possible sequences of events in the natural history of an individual plaque. Known risk factors and other injurious stimuli, such as infectious agents, initiate plaque formation. Plaque begins to grow and might proceed toward luminal obstruction and eventually cause a clinical event. The period of growth occurs at highly variable rates and tends to be episodic, with long periods of latency during which growth of the plaque may be minimal. At any point during the period of stable plaque growth, an individual lesion can become vulnerable, after which plaque rupture and thrombosis can result. Plaque rupture can lead directly to a clinical event but can also be silent and may itself be innocuous. Reorganization and remodeling may ensue with or without a supervening clinical event. Reorganization of ruptured plaque may proceed to a period of relatively rapid plaque progression but can also stabilize and remain stabilized indefinitely. From there, a period of dormancy may ensue, or, alternatively, further development of plaque can again take any of the pathways described above and result in a clinical event or remain clinically silent. This cycle repeats itself at each lesion site somewhat independently of what is occurring even at closely adjacent plaques. Calcification can begin at any point in this process. The sequence of events in plaque development does not seem to directly determine calcium deposition or progression of arterial calcification, in that there is no evidence that calcification develops episodically; instead, calcification appears to develop more linearly over time (large blue arrow on right). When an arterial tree such as the coronary arterial circulation is considered, overall plaque burden also proceeds roughly linearly and approximates the quantity of calcification. Time between and duration of individual stages of plaque development tend to be highly variable and more nonlinear than calcification. BGP, bone Gla (␥-carboxyglutamate) protein; MGP, matrix Gla protein; OPN, osteopontin; ON, osteonectin; ALP, alkaline phosphatase; BSP, bone sialoprotein; BMP, bone morphogenetic protein; CSF-1, colony-stimulating factor 1; TNF-␣, tumor necrosis factor ␣; RANK, receptor activator of NF-B; RANKL, RANK ligand. OPG is also known as osteoclastogenesis inhibitory factor (OCIF), TNF receptor-related molecule 1 (TR-1), follicular dendritic cell receptor 1 (FDCR-1), and TNF superfamily receptor 11B (TNFRSF-11B). Alternative names for RANKL include OPG-ligand (OPG-L), osteoclast differentiation factor (ODF), TNF-related activationinduced cytokine (TRANCE), stromal osteoclastforming activity (SOFA), and TNF superfamily 11 (TNFSF-11). RANK has been termed osteoclast differentiation and activation receptor (ODAR), and TNF superfamily receptor 11A (TNFRSF-11A). Standardized nomenclature recommended by the American Society of Bone and Mineral Research is OPG, RANKL, and RANK.
Bone Formation and Degradation
Osteoblasts derived from mesenchymal precursors are responsible for bone formation, and osteoclasts mediate the opposing process of mineral resorption (12, 13) . Osteoclasts arise specifically from hematopoietic mononuclear phagocyte progenitors by the combined actions of CSF-1 (also known as macrophage CSF) and RANKL (see footnote to Table 1 concerning nomenclature). Chondrocytes, the third major cell type involved in bone formation, are derived from mesenchymal cells and function to generate an initial cartilage template on which mineral deposition may occur. Chondrocytes and osteoblasts thus differentiate from a common progenitor lineage (Fig. 3 ). Chondrocytes deposit a cartilage-specific extracellular matrix, proliferate, hypertrophy, and undergo apoptosis. Surrounding mesenchymal cells differentiate into osteoblasts, invade the zones occupied by hypertrophic and dying chondrocytes, and begin synthesizing a bone-specific matrix on the cartilage template, which osteoclasts begin to degrade. Simultaneously, neovascularization and osteoclastogenesis occur in the same region. The coordinated development of osteoblasts and osteoclasts involves cell-cell contact between precursors of both lineages and soluble cytokines (Fig. 3) . The entire process is elegantly orchestrated by genetic programs that regulate the expression of a large number of specific molecules (Table 2) in an ordered spatiotemporal manner (14) .
Passive Model of Arterial Calcification
Pathologic mineralization can also occur by passive, cell-autonomous mechanisms, notably in patients with metabolic disorders. Apoptotic cell fragments and cholesterol crystals can serve as a crystallization nidus, and mineralization may occur if local ionic concentrations exceed the salt solubility product. The passive model of arterial calcification postulates that arterial mineral deposition similarly occurs when inhibitors are no longer able to prevent calcium precipitation (11) . Pathologic studies of medial arterial calcification (Mönckeberg's sclerosis), data on human genetic disorders, and analysis of phenotypes of genetically altered mice have produced evidence consistent with this model. Arterial calcification can also be produced in animals by certain manipulations, such as administration of 1␣,25-(OH) 2 -vitamin D 3 and nicotine (15) . Price et al. (16) have produced calcification in the medial layer of rat arteries with injections of warfarin and vitamin K. Although this treatment causes extensive calcification in the medial arterial layer, calcification in atheroma is found typically in the intima near the base of the plaque (Fig. 1) and rarely in the media itself (1, 17) . Because rats have little or no intima and are free of atherosclerosis, the relevance of the observed phenotype to calcification occurring in the context of atherosclerotic plaque remains uncertain.
MGP is expressed in chondrocytes (18) and in normal and atherosclerotic arteries (19) . Deletion of the gene encoding MGP in mice results in extensive calcification of cartilage and the medial layer of arteries (20) . These findings suggest that MGP might have a general function in tissues as diverse as cartilage and arteries: inhibition of mineral precipitation in the extracellular fluid (11) , where calcium and phosphate concentrations approach the salt solubility product. On a molecular level, it
is not yet known how MGP participates in calcification in bone and artery. MGP might have direct calcium-chelating effects or might operate indirectly, for example, by inhibiting BMPs (21). Microenvironments in atherosclerotic plaques might foster conditions that favor precipitation of calcium mineral. In particular, necrotic debris from foam cells that have undergone apoptosis could serve as a nidus for precipitation of mineral because they may release high concentrations of mitochondrial phosphate and phosphatidylserinecontaining molecules. This series of events could, in principle, tip local ionic equilibria sufficiently to instigate precipitation.
In mice with targeted deletion of bone Gla protein (osteocalcin), increased bone formation occurs. This increased bone formation is expected because an abundantly expressed bone protein with affinity for mineral ions has been removed. No arterial calcification occurs, however, despite the fact that bone Gla protein is expressed in both normal and atherosclerotic arteries (19) . OPN is another bonematrix protein expressed in arteries. OPN inhibits mineral formation in vitro, but no arterial calcification occurs in OPN-knockout mice (22) . However, this finding does not rule out a role for OPN in preventing mineral precipitation in atherosclerotic arteries. OPN is not found in normal arteries but is indeed expressed in plaque and colocalizes with calcified plaque regions (23) . It is therefore possible that OPN might play a protective role where necessary and be expressed in plaque only in response to local conditions that might tend to favor mineralization.
Active Osteoblast-Like Arterial Cell Model
Almost a decade ago, a cell type that was similar to microvascular pericytes and could be induced to differentiate along an osteoblast-like lineage under certain in vitro conditions was discovered in both normal and diseased arteries. These cells, termed calcifying vascular cells (CVCs) colocalized with areas where expression of the potent osteogenic factor BMP-2 was also observed (24) . Subsequent studies Under mineralizing cell-culture conditions, a number of cell types, including aortic SMCs, can acquire osteoblast-like characteristics. In normal human arteries, MGP is expressed in the medial layer; in plaque, MGP is associated with endothelial cells and SMCs but not macrophages (25) . The transcription core binding factor ␣1 (Cbfa1, also called Runx2) is essential for the development of osteoblasts (26), colocalizes with calcified areas, and is expressed by macrophages in plaque microenvironments where MGP is absent (25) . These observations are consistent with a model wherein MGP inhibits calcium deposition and Cbfa1 promotes differentiation of pluripotent arterial cells into an osteoblast-like phenotype in plaque microenvironments where focal calcification occurs.
There appears to be considerable versatility in the origin and ontogenetic fate of arterial cells in atherosclerotic plaque (27) . Recent data in animal models of vascular disease (27) and in humans who have undergone bone marrow transplantation (28) indicate that SMCs and endothelial cells in atherosclerotic plaques can originate from bone marrow. Arteries may contain cells that are phenotypically similar to the major cell types involved in endochondral bone formation: chondrocytes, osteoblasts, and osteoclasts (2, 19, 20, 24, 29) . These cells possess signaling pathways and express proteins normally associated with bone. Normal human aortae express a number of proteins associated with bone, albeit generally at low levels (19) . However, fibrous-cap atheromatous lesions and fibrocalcific plaques express high levels of many of these proteins, particularly in regions of plaque where calcification is seen. Lamellar bone-like structures containing osteoblast-like cells may be found in association with matrix vesicles, and high expression of bone-matrix proteins in regions adjacent to mineralized plaque has been reported (19, 30) . Collectively, these findings support the concept that arterial calcification occurs in plaque microenvironments in a manner that recapitulates osteogenesis. Most of the genetic and molecular mechanisms that mediate bone formation and degradation, however, have not yet been tested in any in vivo model of atherosclerotic calcification.
Genetically Altered Mice and Arterial Calcification
A valuable tool to unravel the genetic and molecular mechanisms of atherosclerotic calcification is the utilization of the numerous animal models that harbor gene mutations relevant to bone biology and mineral homeostasis. Studies reported thus far, however, have yielded conflicting results. Some genetically altered mouse models appear the most consistent with a passive mechanism of arterial calcification. For example, genetic deficiency of MGP (20) in mice results in extensive medial arterial calcium deposition, suggesting that MGP inhibits mineral deposition. The expression pattern of MGP in normal arteries and fibrocalcific plaque is also consistent with an inhibitory role of MGP in calcium deposition (19) but does not address the mechanism directly. Other genetically altered murine models are consistent with an active model of arterial calcification. BMP-2 expression occurs in calcified arterial lesions (19, 24) , and it is suspected that this potent osteogenic factor may be involved in calcium deposition in plaque. Smad6 is an intracellular inhibitor of BMP signaling. Mice lacking the gene encoding Smad6 exhibit extensive medial arterial calcification (31) . Other mutations that can produce arterial calcification include deletions of the genes encoding the structural microfibrillar protein fibrillin-1 (32) and the aging-related gene klotho (33) . Although some of these genetically altered animals exhibit impressive calcification and sometimes extramedullary hematopoiesis of the blood vessels, it should be emphasized that these data are not within the context of atherosclerotic disease. In these knockout mutations, calcification takes place predominantly within the media. Animals that do not have atherosclerosis develop little or no neointima, and it may be possible that the medial calcification is qualitatively and mechanistically different from that seen in atherosclerotic plaque.
Studies of inherited disorders in humans suggest that animal models may sometimes be misleading. Keutel syndrome is an inherited disorder that results in a nonfunctional MGP gene (34) , but this syndrome is not characterized by the massive arterial calcification that is observed in MGP-knockout mice (20) . Similarly, arterial calcification is observed in murine fibrillin-1 deficiency, but this deficiency has not been convincingly linked to arterial calcification in humans. Discordances between results of cell-culture studies and whole animal genetic models of calcification have also been reported. MGP-knockout mice exhibit extensive vascular calcification, but calcifying vascular cell-associated mineralization is accompanied by high levels of MGP expression in vitro (35) . The extrapolation of cellculture results to in vivo conditions is hazardous, and the discordances noted above only underscore the need for more direct mechanistic testing.
Osteoclast-Like Arterial Cells
A model of calcification that postulates bone-forming arterial cells raises the question how arterial mineralization might be opposed or limited. Unchecked rapidly progressing mineralization is neither biologically tolerable nor clinically observed. The process could be self-limiting, but other intriguing possibilities exist as well. As is the case in bone, might there be a counterbalancing mechanism involving osteoclast-like arterial cells? We have proposed that calcium deposition might be importantly determined by the activity of osteoclast-like cells (OLCs), arterial cells with the capacity to inhibit calcium deposition and͞or resorb mineral (ref. 36 and Fig. 3) .
If OLCs develop similarly in arteries and bone, then it would be expected that genetic alterations that interfere with osteoclast development or function would result in greater arterial calcium deposition. Specifically, mutations resulting in an osteopetrotic phenotype would be anticipated also to exhibit increased arterial calcification; in addition, osteoporotic phenotypes should show lesser amounts of calcium deposition in the arteries. Studies in osteopetrotic murine models are consistent with this idea (37, 38) . Paradoxically, however, osteoprotegerin (OPG)-deficient mice develop both osteoporosis and arterial calcification (39) , and administration of soluble OPG or transgenic OPG expression reverses the phenotype (40) . The explanation for this finding is unclear, but in any case, most of these data have been obtained in mice that do not develop atherosclerosis; again, the relevance of the findings to plaque calcification remains uncertain. Furthermore, increased arterial calcification results from genetic alterations causing osteopetrosis but can also be seen with osteoporotic and osteopenic phenotypes (20, 38, 39) . Further studies are needed to elucidate these issues.
A major breakthrough in osteoclast biology occurred with the characterization of key components of a signaling pathway required for osteoclast formation and function: RANKL, its cell surface receptor (RANK), and its decoy receptor OPG (ref. 41 ; see Table 1 legend). Deletion of the gene encoding RANKL or RANK results in nearly a complete lack of functional osteoclasts, and RANKL and CSF-1 signaling are necessary and sufficient for osteoclast survival and function. Several lines of evidence support a role for CSF-1 and RANKL signaling in the development of arterial OLCs from plaque mononuclear phagocytes (36) . RANKL and its receptors are expressed in a number of vascular tissues, including arteries, and their expression patterns are altered as plaque forms and mineral deposits appear. OPG, RANK, and RANKL are normally expressed by osteoblastic stromal cells and osteoclast precursors but are also found in cells associated with calcified arterial lesions of OPG-deficient mice (39) . RANKL signaling is associated with mononuclear phagocytic cells in plaque (42) . RANKL, RANK, and OPG colocalize with multinucleated cells that are tartrate-resistant acid phosphatase-positive and cathepsin K-positive but negative for the macrophage antigen F4͞ 80. Cathepsin K is an osteoclast-associated protease that is also expressed in atherosclerotic plaque (43) . Collectively, these findings are consistent with a model in which development of multinucleated cells (OLCs) from hematopoietic precursors is facilitated in the microenvironment surrounding arterial calcium deposits, providing a possible mechanism to limit mineralization. Steitz et al. (44) But what is the origin of OLCs? Atherosclerosis is conceptualized as a chronic inflammatory response to injury in which multiple cell types are known to participate (45) . Tissue repair processes were thought previously to be largely the purview of resident parenchymal and͞or mesenchymal cells; however, increasing evidence is consistent with a general model wherein somatic nonresident stem cells are mobilized and recruited to remote sites of injury where differentiation into the necessary lineages and tissue repair occur (46) . Circulating bone-marrowderived hematopoietic stem cells are thought to be recruited to developing atheromatous lesion sites, appear to possess the capacity to differentiate into either endothelial cells or vascular SMCs, and may actually account for the majority of cells participating in both atherogenesis and neointimal proliferation after arterial injury (27, 28, 47) .
Bone Biology, the Immune System, and Vascular Inflammation Osteoclast formation and function are influenced by numerous cytokines besides CSF-1 and RANKL, and some of these, particularly proinflammatory cytokines, have also been implicated in atherogenesis. TNF-␣ activates osteoclasts directly (Fig. 3 ) and also appears to potentiate the effects of RANKL signaling (48) . Therefore, three key cytokines that are involved in osteoclast development and function and have proinflammatory properties (RANKL, CSF-1, and TNF-␣) are present in atherosclerotic plaque and expressed in patterns that are consistent with the notion that arterial OLCs develop from mononuclear phagocytic-cell precursors.
Immune modulation plays an important role in both plaque development and bone growth and activity. RANKL is expressed by T cells and participates in immune functions distinct from its role in bone (41, 49) . T cells participate directly in bone formation and metabolism. Recent reports indicate that there is considerable cross-talk between signaling pathways in bone and the immune system. Binding of RANKL to RANK results in recruitment of several adaptor proteins. These include TRAF-6, which is required to transmit RANKL signals to downstream effectors via the NF-B and c-Jun N-terminal kinase pathways (41) . TRAF-6 also participates in other inflammatory signaling pathways involving TNF-␣, IL-1, IL-8, IL-17, and CD-40 ligand. TRAF-6-knockout mice exhibit defective osteoclast formation and are osteopetrotic (50) . IFNs can directly affect osteoclast development and activity. For example, IFN-␥ suppresses osteoclastogenesis by inhibiting activation of NF-B and c-Jun N-terminal kinase by the RANKL-RANK signaling pathway (51) . There is also cross-talk between RANKL and IFN-␤ signaling (52) . Like mice with TRAF-6 deficiency, mice lacking c-Fos, a critical downstream target of RANKL signaling (13, 41) , demonstrate defective osteoclast development and osteopetrosis (53) . However, RANKL-RANK signaling-dependent increases in c-Fos expression result in upregulation of IFN-␤ in osteoclast precursors (52) . IFN-␤, in turn, inhibits expression of c-Fos. Thus, the effects of RANKL signaling on c-Fos expression cause inhibitory autoregulation by enhanced IFN-␤ expression and signaling.
The central inflammatory character of atherosclerosis (45) , together with the role of inflammatory cytokines in bone metabolism, suggests a conceptual framework: inflammation and bone resorption share common signaling-pathway components that meet at crossroads in plaque microenvironments. The result is differentiation of vascular cells, recruitment of pluripotent precursors, and development of bonelike tissues and hydroxyapatite deposits. Aided and abetted by the immune system, vascular pathology may thus beget both bone formation and bone resorption.
Mechanism(s) in Need of Testing
By analogy with known bone biology, we propose a homeostatic mechanism wherein the two main cellular mediators are osteoblast-like cells and OLCs. Arterial mineral metabolism is normally in balance, but in proinflammatory plaque microenvironments, immune-modulating cytokines facilitate recruitment and development of osteoblast-like cells and OLCs, uncoupling of their activities, and net mineral deposition. But myriad questions remain unexplored. How do atherogenesis and the immune system interweave with bone-remodeling signaling pathways to determine differentiation of bone-like cells in the arterial wall? Which cells evolve from resident pluripotent cells, which cells are recruited, and how do these processes occur? Why do only some plaques calcify? How does plaque calcification influence disease progression and clinical outcomes? And importantly, where might therapeutic intervention be effectively targeted? The working out of the interrelationships among diverse tissues and bone and immune signaling pathways that ultimately meet at the arterial crossroads and drive plaque calcification should prove to be a fascinating journey in the years ahead.
